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Ele.Mag. Calorimeter in ILC

Requirements

→Particle Flow Analysis 

•10 mm x 10 mm granularity

•linearity of response to particle energy 

→Tolerance for Magnetic field (3-5T)

•PMT is not available

→Practical cost



Our suggestion

- Sampling Cal. with 10 mm x 50 mm very 
small scintillators 

←making 10mm x10mm granularity by 
alternately changing direction of Sci. 
with 90° into every layer.

- Readout by WLS fiber to get uniformity in 
50 mm.

- With MPPC (Multi Pixel Photon Counter) 
for each scintillator



Such detector becomes..

CALICE Sc-ECAL at Fermilab 

tungsten

3.5mmt

scintillator

3mmt

2000ch 

MPPC

Scintillator strip

4.5cm

1cmMPPC

WLS fiber

Beam

Y axis scinti.

X axis scinti.

can it make 10cmx10cm
 granularity ? 



Such sci.strips should be...

Scintillator strips

- enough attenuation length of photon 
transportation.

- precise molding technique

- to keep MPPC-fiber matching  

1mm Φ

1mm x 1mm MPPC 
sens.area

MPPC-fiber matching 
depends on precision of 

MPPC housing and fiber hole 



Direct photon rejector

1mm Φ

1mm x 1mm MPPC 
sens.area
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MPPC (Hamamatsu)
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Results

4

RMS=4.5% of Npix

The fluctuation seems big.

80 response curves

input

MPPC(p.e.)

1000p.e.

40x40=1600pixles

4ns

One strip and 9 MPPCs 
w/ readout cable

Advantages
-self calibration
-tolerance to magnet field
-not expensive
-small

Limitations
-saturation



Linearity dep.on the # of pixel 

●24ns
●16ns 
●8ns

Y.Takahashi et al, U-Tukuba 
investigated linearity depend on 
the number of pixel and pulse 
width.
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-Linear region becomes 
larger as the number of 
pixels increases.

-pulse width also 
increases linearity.

1600pix.

64pix.

16pix.4pix.



Radiation Tolerance
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-Leakage current and noise rate increase (90Gr γ　thre.)

-Cross talk and Gain do not have significant changes.
-Response curves do not change.
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V0 and Gain
- Characters of 2000 MPPC were measured 

V0

Entries  2000

Mean    69.48

RMS    0.4305
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5V difference in V0 is 
capable for our system
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Cross talk and noise rate  for 
2000 MPPCs at ΔV = 3 V

Cross talk Noise rate

- cross talk and noise are enough small



Temperature dependence of Gain 
is not small 

∆V0

∆T
= (5.60± 0.1)(mV/K)

- monitoring and 
correction are 
required in our 
experiment.

•30oC
•25oC
•20oC
•15oC
•10oC
•0oC
•-20oC



First step; 1-6 GeV 
electron beam test @DESY

Comparing 3 types strips:
Kuraray (Megastrip)

1. WLSF readout

2. direct readout(simple)

Misung Chemical Co.(Korea)

Kyunpook National University

3. individual extruded strips

- co-extruded TiO2 covering

- WLSF readout.

9cm

9cm

light cross-talk between adjacent strips

Mega-strip structure: strips not perfectly isolated

look at signal
when MIP hits
adjacent strips
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Results of comparison

strip light X-talk uniformity
 Mega 10% good
direct r/o 
extruded good need study

45mm 0mm

Mega

Kuraray

KNU

with fibre

without fibre

relative 
output

1

1
less precise figuration

MPPS-Fiber mismatch

more direct photons



reconstruct total energy 
deposited in calorimeter

energy response

linear response within
~ 1% in range 1-6 GeV

no sign of MPPC
saturation @ higher
energies

Effect of non-uniformity on 
the energy resolution

all corrections

mega

extruded extruded

direct



MPPC saturation

2000p.e.
1-6 GeV DESY

1-6 GeV

Reconstructed Eenergy per strip @ 6 
LED blue light

with 6 GeV e, max E in a strip ~ 60MIP<1000 p.e.

Effect of saturation on the 
reconstructed energy is very 
small at least up to 6 GeV



Beam Momentum (GeV/c)
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linearity

before correction saturation corrected

 saturation correction improbes linearity

Pulsar

PMT

UV LED

Base-
board

Strip scintillator

MPPC

10 ns



MIP response temperature dependence 
MPPC properties change with temperature       example: 18 strips in one layer

18.5          20.5
temperature

consistent for all channels
apply common correction

a few %/℃



Conclusions of e+ test 
beam at DESY

Analysis of DESY test beam data in good shape
In uniform regions, detector works well

The linearity of energ response is good so far

sufficient energy resolution for ILC ECal

 σ/E ~14%/√E(GeV) + 3%

Non-uniformity of extruded strips significantly degraded 
performance.

Next step → FNAL Beam test;
Is linearity kept for large energy?
and with other modifications on detector.



1-32 GeV e-,π-,(π0) Beam 
test at FNAL (area = DESY x 4)

According to studies I showed, 
the following is required;

- strips are enclosed in film 
reflector
- MPPC-Fiber matching 
(longitudinal) is good
- direct photon rejectors are 
mounted.

CALICE Sc-ECAL at Fermilab 

tungsten

3.5mmt

scintillator

3mmt

2000ch 

MPPC

It’s right now running!!



prototype scecal
• structure W 3.5mm scint. 3mm

18 x 4 lows

tungsten

scintillator strip



Summary of  test beam at 
FNAL

2160 MPPCs were 
mounted.
for individual MPPC, 
bias voltages are 
tuned. 
3/4 beam plan have 
already finished.
Using MIP events, the 
uniformity looks better 
than at DESY. A typical MIP event

for details, Stop by MT6! 



Back up



monitoring system
light injection through clear fiber with 

notches
Optical fiber0.2mm deep notch 0.4mm deep notchLED

scintillator strips

0.4mm deep

VCALIB:150

p.e. 
0.2mm deep

VCALIB:255

p.e. 

strip #

holes

holes
Optical fiber
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Npix = 1988.9 +- 42.5
s = 2.77 +- 0.06
Δped-PMT
= 19.7 +- 15.3 (ADC 
counts)
Δped-MPPC
= 100.1 +- 42.4 (ADC 
counts)

Npix … “effective” number of pixels
s = Np.e. / ADCPMT… scale factor of x-axis
Δped-PMT, Δped-MPPC … pedestal correction

Fiber readout
Vbias = 77.25 V

Response Curve Measurement



Such sci.strips should be...

it should be enclosed with reflector film. 

- To get enough photon

- To suppress optical cross talk

it needs to have reflector to reject photons not 
through fiber into MPPC sensitive area.

scintillator

fiber

reflector

cover

MPPC direct photon
rejector



μ

Distance btw MPPC and fiber(mm)
0 0.2 0.4 0.6 0.8 1 1.2

T
h

e
 n

u
m

b
e

 o
f 

p
.e

.

0

5

10

15

20

25

30

35

40

Distance from center of fiber(   m)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
h

e
 n

u
m

b
e

r 
o

f 
p

.e
.

0

5

10

15

20

25

30

35

40

m

Dependance on MPPC - Fiber matching

+

-

+0

MPPC

Transverse Longitudinal

Longitudinal effect is serious!



This is the direct photon 
rejector.

: accepted from whole of MPPC surface 
                           (normalized)
: accepted only from fiber

5152535 30 20 10

Bench test



Extruded scintillator

die



Extruded scintillator

die



Extruded scintillator

die hole for fiber



Extruded scintillator

die

Cut Cut 



Extruded scintillator

Cut 

- Symmetry along the longitudinal 
direction of strip scintillator allows us to 
use extrusion method. 

Cut 

die



Extruded scintillator

painting some reflector is allowed simultaneously 

We test white paint (TiO2) 

Cut Cut 

die


